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ABSTRACT 
 
This paper is an output of a joint placement project with one energy company, 
seeking development in Offshore Wind market in the UK. The UK Government is 
giving strong policy backing to the expansion of the offshore wind sector.  With 
the announcement of future Round 3, offshore wind energy market is receiving 
increasing attentions today. Yet this is a young industry and so little is known 
and understood about the market and the issues such as technology behind it. 
 
To help developers understand current offshore wind market in the UK, this 
paper examined the challenges and risks in the development process of offshore 
wind farms through the analysis of different players in OWF market. It found 
that major risks were associated with strong supplier power. It also summarised 
the findings from both of market¶s perception and the Company¶s perception. 
Gap analysis in terms of the differences in perception was conducted and 
implications for developers were concluded. 
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Chapter 1 
Introduction 
 
That energy is essential for economic and social development is self-evidenced. 
As the global population grows and developing countries expand economies, the 
demand for energy could double by 2050 (Nelson 2009). Developed countries 
comprise one-IRXUWK RI WKHZRUOG¶V SRSXOation but use four-ILIWK RI WKHZRUOG¶V
energy, of which main source is fossil fuels. Facing increasingly significant 
challenges on energy consumption posed from environmental problems, threat 
to energy security and sustainability of energy supply, a switch to other energy 
sources is imminent. Renewable energy, emerging as an effective alternative 
form of energy source, is therefore receiving increasing attentions. 
  
Wind energy is an important form of renewable energy. The exploitation of wind 
energy for electricity generation has become widespread across the world over 
past 20 years. On 24th June, 2009 the announcement of initiating Round 3 
offshore wind projects by the UK government marks the entry to the new phase 
of wind energy development. In accordance to the announced importance of the 
wide context of developing renewable energy source of energy, the UK 
Government is giving strong policy backing to the expansion of the offshore wind 
sector. With its long coastline and strong wind resource across surrounding seas, 
the UK has a great potential for the exploitation of offshore wind resource (Jay 
2008). 
 
Moreover, in December 2008 the European Parliament and Council of Ministers 
reached DSROLWLFDODJUHHPHQWRI(8³´WDUJHW which requires that by 2020, 
20 per cent RIWKH(8¶VHQHUJ\ consumption must come from renewable sources. 
7KH8.¶VFRQWULEXWLRQWRWKLVtarget will require the share of renewables sources 
LQWKH8.¶VHQHUJ\FRQVXPSWLRQWRLQFUHDVHIURP around 1.5% in 2006 to 15% 
by 2020 (BWEA 2007b). 
 
Offshore wind power is expected to be one of the major contributors to the 
IXOILOPHQWRIWKH8.¶Vdelivery target. Figure 1.1 presents the scenario which is 
characterised by a large proportion of generation from renewable sources 
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(approx. 40%) and that the majority of this is provided by offshore wind (The 
Crown Estate 2009).  
 
 
Figure 1.1 
Structure of energy sources used for UK electricity generation (The Crown Estate 2009) 
 
However, to date, most wind farms are located onshore. Offshore wind is a 
young industry and so little is known and understood about the market and the 
issues such as technology behind it. Therefore, the Government has initiated a 
series of assessments and studies to help offshore wind farm (OWF) developers 
players to understand the market better. Such intention provides the focus of 
this paper. This study aims to present a discussion of the challenges and risks 
from the development of OWF for potential developers in the future. More 
specifically, the research is conducted through a cooperative approach with one 
specific company (the Company) in energy industry. With the intention to 
engage in future round offshore wind development, understandings of the 
underlying market problems are essential for the Company. By involved in the 
CompaQ\¶V daily activities, the results and findings from this study are more 
developer-oriented. Discussions of OWF market and challenges are conducted at 
industrial level ZLWK SDUWLFXODU DWWHQWLRQV SDLG WR WKH &RPSDQ\¶V FLUFXPVWDQFH 
Before these findings are discussed, the background to renewable energy and 
offshore wind power is described in Chapter 2. The drivers that enable the 
development of renewable energy and offshore wind power are outlined. This 
explains the role of these new energy sources play in tKH8.¶VHQHUJ\VHFWRU 
Chapter 3 explains the study approach and the process that leads to the findings 
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of this investigation. It also reviews the theoretical background of the framework 
employed by later analysis and discussion. 
Chapter 4 examines the offshore wind market in the UK by reviewing historical 
GHYHORSPHQWRI2:)LQWKH8.DQGWKHUHFHQWJURZWK,PSDFWVRIµ¶WDUJHW
and promotions of OWF from the Government will be discussed. In the second 
part, the development process of OWF will be mapped out. Each phase will be 
explained in detail and initial challenges will be outlined with reference to future 
round of expansion. Chapter 5 opens with an analysis of UK offshore wind 
PDUNHW WKURXJK 3RUWHU¶V  )RUFHV. This presents the discussion of different 
players in the market and their relative positions in terms of market power. 
Risks for developers from the development process are examined in detail. Key 
results and findings are presented in Chapter 6. Risk Map overview (Figure 1.2) 
summarised all the risks identified from both market perception and the 
Company perception. It provides a consolidated map of challenges positioned 
based on magnitude and probability. The resulted GLVFUHSDQF\EHWZHHQPDUNHW¶V
SHUFHSWLRQ DQG WKH &RPSDQ\¶V implies gap analysis that discusses practical 
implications for developers and the Government to concern. Chapter 7 presents 
implications and alternatives to cope with these challenges. Conclude marks are 
made in Chapter 8. 
 
Figure 1.2 
Risk Map Overview 
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Chapter 2 
Renewable Energy and Offshore wind power 
 
2.1 Renewable Energy 
A variety of environmental problems now pose increasingly important challenges 
WR HQWLUH ZRUOG *OREDOLVDWLRQ DQG HDUWK¶V QDWXUDO SURFHVVHV DFFHOHUDWH WKH
transformation of local problems into global issues, major concerns of which 
include Global Warming, Acid Rain, Air Pollution, Ozone Depletion and others. 
Global average temperatures increased rapidly over the past several decades 
and human activity is argued to be a main factor. Noticeably, traditional ways of 
energy usage such as fossil fuels combustion is considered as a major 
contributor to environmental problems. A constant and reliable supply of energy 
SOD\V KRZHYHU D GLVSHQVDEOH UROH LQ KXPDQ¶V PRGHUQ VRFLHW\ IRU LQGLYLGXDO
homes, businesses and for transport. The debate therefore has shifted to reduce 
anthropogenic factors and find alternative ways to adapt to change that has 
already occurred. 
Renewable Energy is therefore received increasingly attentions as an effective 
solution to tackle environmental issues. Renewable Energy is energy generated 
IURP µUHQHZDEOH¶ VRXUFHV ZKLFK DUH QDWXUDOO\ UHSOHQLVKHG DQG WKHUHIRUH
essentially inexhaustible. It can be used for three common needs of energy 
using: production of electricity, generation of heat and energy for transport 
(Energy Saving Trust 2005). The majority of renewable energy technologies are 
originated from the sun. Whilst there is a wide range of renewable energy 
sources, common sources include the sun, the wind, flowing water and the heat 
of the Earth. The leading sources are biomass, wind, geothermal, solar and 
hydropower, as International Energy Agency (2003) explains: 
³5HQHZDEOH HQHUJ\ LV GHULYHG IURP QDWXUDO SURFHVVHV WKDW DUH UHSOHQLVKHG
constantly. In its various forms, it derives directly from the sun, or from heat 
generated deep within the earth. Included in the definition is electricity and heat 
generated from solar, wind, ocean, hydropower, biomass, geothermal resources, 
DQGELRIXHOVDQGK\GURJHQGHULYHGIURPUHQHZDEOHUHVRXUFHV´ 
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Each of these sources has unique characteristics with advantages in comparison 
with conventional resources. 
Biomass 
%LRPDVV LV µELRORJLFDOPDWHULDOGHULYHGIURPOLYLQJRUUHFHQWO\ OLYLQJRUJDQLVPV¶ 
(BEC 2008). Biomass energy is a renewable resources resulting from human 
activity. Essentially it is chemical solar energy storage and represents a range of 
renewable storages derived from photosynthesis (World Energy Council 2004). 
Carbon in the atmosphere is converted into biological forms through 
photosynthesis. Carbon dioxide (CO2) is then released from the process of 
oxidation of carbohydrates in plants or by combusting activities. This process is 
known as carbon cycle and the timescale is relatively short. Plant used as a fuel 
for combustion can be re-planted for new growth. Carbon generated from the 
process is used to construct biomass sources, which include a wide range of 
materials: wood, co-products and waste and alcohol fuels. With the 
consideration of the realities of economics, there are huge resources of residues 
and waste that are potentially available for generating biomass energy. Wood is 
the largest source of biomass energy and is mainly pulping liquor, a waste 
product from wood processing, or from forestry, arboricultural activities (BEC 
2008; EIA 1992). As second largest source, waste includes food waste and 
industrial waste from manufacture, preparation, processing and post-consumer 
waste. The main contribution to waste energy comes from landfills gas and 
municipal solid waste. Waste energy is growing substantially in developing 
countries, such as China, in past several years. Biomass alcohol fuel refers to 
high yield energy crops that are grown specifically for energy applications. For 
example, ethanol is derived from corn and is widely used as an oxygenate in 
gasoline (EIA 1992).  
It is estimated that the biomass industry will grow to more than $80 billion 
worldwide by 2017 (KPF 2009 6XFK SURVSHFWV DUH SDUWO\ GXH WR WKH µFDUERQ
QHXWUDO¶ FKDUDFWHULVWLF RI ELRPDVV LQ WHUPV RI HQYLURQPHQWDO LPSDFW 7KRXgh 
biomass generates carbon emission the carbon cycle is maintained at balance 
level. In comparison, fossil fuels such as coal, oil and gas are also derived from 
biological material, however the primary resource absorbed are from many 
millions of years ago. Combustion rate is much faster than re-generating and the 
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carbon cycle is thus not kept in balance. As part of carbon cycle, biomass is 
obtained from a part of a constantly replenished crop on a sustainable basis. 
Hydropower 
Hydropower, or water power, is the largest renewable energy source in terms of 
renewable power produced. It currently supplies about 19% of all the electric 
power on Earth (Cocks 2009). The power is derived from the force of moving 
water, which can be used to do work, such as spinning a turbine connected to an 
electric generator. For example, at 100% conversion efficiency, it takes 50 
kilograms of water falling a distance of 40 feet (12.2 meters) to light a 100-watt 
bulb going for one minute. It is a clean source fuelled by water and the flow of 
water can be controlled by turbines. Hydropower has a long history. Although 
many of the best hydroelectric sites have been exploited, there still remains a 
large capability availability of extremely large ones, such as Lake Manosarovar in 
Tibet. Substantial development of large plants is currently under construction in 
Asia, noticeably in China, where 90,000MW of electric power will be produced 
eventually (ibid.).There are several forms of water power currently in use and 
hydroelectric dams are widely used for commercial electric power. Based on the 
height of the impounded water above the turbine, there are low-head, or small 
scale hydro plants and high-head hydro plants. However, small scale 
hydroelectric facilities are not economic efficient while large scale plants requires 
huge investment and the participation of governments. Moreover, dam failure 
can lead to hazardous disaster. For example, the burst of Banqiao Dam in China 
in 1975 caused thousands of lives lost (Xinhua 2005). Hydropower is also 
considered as facing environmental challenges in terms of changing climatic 
conditions, fish migration and the ecosystems of rivers, the water quality and 
flow (EERE 2005). 
Solar 
Solar power is the convention of sunlight into electricity. The characteristic of 
VRODU SRZHU LV XQLTXH 2Q RQH KDQG DOWKRXJK WKH RXWSXW VXQ¶V HQHUJ\ LV
tremendous, the Earth captures only a tiny part of it. The sun generates less 
than one watt per cubic meter, averaged over its entire volume. The rate is even 
less than the rate at which a light bulb produces. On the other hand, the sun 
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covers enormous cubic meters of some 1,430,000 kilometres in diameter and 
occupies a volume more than one million times that of the Earth (Cocks 2009). 
The usage of solar energy widely ranges from simple approaches such as hot 
water heating to large scale commercial electric generating. Current installation 
costs of solar power plants are relatively high. To exploit such great availability, 
the main challenge remained is therefore to seek a cost-efficient approach of 
using solar power through concentrating, transforming and distribution by using 
photovoltaics, solar cells, concentrators and solar thermal systems. There is an 
increasing trend of development of solar plants in developing countries, such as 
India (Singh n.d.). 
 
2.2 Factors 
Renewable energy has many advantages over conventional energy. It is 
sustainable and ubiquitous and essentially non-polluting and is now playing an 
LQFUHDVLQJO\ LPSRUWDQW UROH LQ VXSSO\LQJ WKH ZRUOG¶V HQHUJ\ GHPDQG It is 
H[SHFWHG WR VXSSO\  SHUFHQW RI WKH ZRUOG¶V HQHUJ\ QHHG¶V E\  Abano 
2009). The growth of renewable energy sector is considerable. According to REN 
¶VUHSRUW2009), annual renewable energy investment has increased fourfold 
to $120 billion in FRPSDUHGZLWK¶VOHYHO:LQGSRZHULVJURZLQJDWWKH
rate of 29 percent last year by adding 121 GW to installed capacity globally. 
Solar photovoltaic (PV) increased by 70 percent and utility-scale solar PV plants 
tripled during 2008, to 3 GW, of which 2.6 GW is added in the leading country 
Spain, representing a half of global installations of solar PV. It is noticed that the 
growth of renewable energy in developing countries is also remarkable. China, 
India and Brazil are investing substantially in sectors like wind and solar power 
capacity. With many new companies producing wind turbines and components, 
China doubled its wind power capacity and moved into fourth largest country in 
wind energy. It also led in solar PV production and surpassed Japan to become 
the new world leader. The growing attention to renewable energy leads to the 
following discussion of two fundamental factors regarding the significance of 
developing renewable energy, climate change and energy security. 
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2.2.1 Climate change 
Climate change is one of the greatest environmental challenges facing the UK 
and the world today and renewable energy is considered as an effective solution 
to tackle climate change. It is recorded that the Earth temperature has rose by 
0.74°C over the last decades and global mean sea level rose by 0.1-0.2 m 
during the 20th century (Quaschning 2005). Human activity is proved to be the 
primary driver of the observed changes (IPCC 2007). As committed to 
addressing both the causes and consequences of climate change, the Climate 
Change Bill ± WKH ZRUOG¶V ILUVW ORQJ WHUP OHJDOO\ ELQGLQJ IUDPHZRUN ± was 
introduced by the UK government and became law on 26th November 2008. 
There are various studies and researches endorsing the basic conclusion that 
increasing greenhouse gas concentrations resulted from conventional energy use 
such as combustion of fossil fuel and deforestation activities is the main 
contributor to the observed temperature increase since 20th century (IPCC 2007). 
The greenhouse effect is a naturally occurring process that by which absorption 
and emission of incoming solar radiation by gases in the atmosphere aid in 
ZDUPLQJWKH(DUWK¶VVXUIDFHDQGDWPRVSKHUHWeart 2008). The existing natural 
greenhouse effect makes life on Earth possible by providing particular gases in 
the atmosphere such as carbon dioxide (CO2), water vapour and methane. 
Without the greenhouse effect, the global average ambient temperature would 
decrease to -18° Celsius rather than the present 15° Celsius (Quaschning 2005; 
Pidwirny 2006). Such effect is widely recognised between many researchers and 
scholars. 
However, as a result of energy consumption, additional greenhouse gases are 
emitted to the atmosphere. Burning of fossil fuels and biomass leads to 
anthropogenic carbon dioxide (CO2) emission. The share of fossil fuel carbon 
dioxide emissions is about three-quarters of the increase in CO2 over the past 
two decades. The rate of CO2 concentration is increasing sharply and make 
WRGD\¶V&22 concentration level already higher than at any other time during the 
past 250,000 years (Quaschning 2005). The concentration level is continuing to 
rise due to land-use change, particularly deforestation. 
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Several additional sources contributing to the anthropogenic greenhouse effect 
include methane (CH4) sources originated from coal mining, natural gas 
production, chlorofluorocarbons (CFCs) from chemical industry resulting ozone-
destroying and the destruction of tropical rain forests. These contributions vary 
regionally between developing and developed countries but all have a relatively 
high potential to global warming in the future (Prentice et al. 2001; Nakicenovic 
et al. 2001; Shindell et al. 2006). 
Energy policy of reducing anthropogenic greenhouse gas emissions is needed 
otherwise the carbon dioxide concentration in the atmosphere will double by the 
end of 21st century. As a result, the global average temperature will rise more 
WKDQ  & ZKLFK ZLOO IXUWKHU OHDG WR FDWDVWURSKLF FRQVHTXHQFHV IRU (DUWK¶V
ecosystems. Global warming will have a strong impact on forest viability and 
food supply. It will increase storm intensities in tropical regions and rises global 
sea level between 0.1 and 0.9 metres in this century. Many low-lying islands and 
areas will consequently disappear (Quaschning 2005). 
Kyoto PrRWRFRO WKH ZRUOG¶V SULPDU\ LQWHUQDWLRQDO DJUHHPHQW RQ UHGXFLQJ
greenhouse gas emissions was announced in 1997. It represented a part of the 
ZRUOG¶VUHVSRQVHVRIPLWLJDWLQJJOREDOZDUPLQJDQGQRZFRYHUVPRUHWKDQ
countries and over half of global greenhouse gas emissions (UNFCCC 2009). 
Developed countries cause the largest amount of emissions and are considered 
to take the main responsibility of reducing emissions. However, the various 
greenhouse gas levels should be reduced drastically by the year 2100. For 
example, global carbon dioxide emissions should be reduced by 70 percent 
compared with 1990 level (Quaschning 2005). Considerable effort should be 
made to virtually complete withdrawal the reliance on the use of fossil fuels. 
Renewable energy is an effective solution to this issue. Global energy supply 
could be managed without fossil fuels and be based entirely on renewable 
energy due to its sustainable characteristic and the vast amount of energy 
sources available throughout the world. 
Energy exists in various forms, consisting primary energy, final energy and 
effective energy. Primary energy is the original energy sources which are not yet 
processed, such as crude oil, coal, uranium, solar radiation and wind. Final 
energy is the energy in the form that is received by end user, such as the 
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common used energy in home gas and electricity. Effective energy is the energy 
used by the end user. Examples include lighting, radiator heating and driving 
force. It is argued that the comparison of energy efficiency is based on primary 
energy but not final or effective energy reached and used by end user. The 
environmental impact is therefore determined by the primary energy demand. 
Source is renewable in the sense that it does not deplete primary energy sources 
(World Energy Council 2004). 
2.2.2 Energy security 
There have seen increasing attentions being paid to the issue of energy security. 
It has become essential to the functioning of modern economies in terms of 
sustainability of development. Concerns are mainly arisen due to the uneven 
distribution of energy supplies among countries which lead to significant 
vulnerabilities for some specific areas and nations, such as Japan, an almost net 
importer of energy. Such vulnerabilities and dependence further pose inevitable 
threats to national security and are common concerns for government energy 
strategy (Wesley 2007). This section will discuss several threats to energy 
security including the limited supplies, depletion of resources and import 
dependency. 
2.2.2.1 Limited supplies 
The issue in terms of supplies is complicate. One of the leading factors is the 
significant increase in energy prices due to the political instability of energy 
producing countries such as in the Middle East and the manipulation of energy 
supplies through imposition of price increases (Giddens 2009). Moreover, that 
energy is critical as a fuel to power the economic engine is self-evident. 
Therefore threats of physical damage to energy infrastructure of supplier 
resulted from natural events or terrorism can also influent proper functioning of 
the energy supply in fuel producing countries (Kay 2006). Increased competition 
over energy sources due to the dramatic development pace in countries such as 
India and China may lead to the formation of collective energy alliance between 
PDMRU SRZHUV ,W LV FRQFHUQHG WKDW µPLOLWDUL]LQJ¶ HQHUJ\ SROLWLFV PD\ SRVH
additional threats to tertiary security by sending the wrong signals to the market 
and to potential investors in infrastructure (Cornell 2009).  
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2.2.2.2 Depletion of resources 
The current energy supply depends mainly on fossil energy including crude oil, 
natural gas and coal. However, the world is now facing a major challenge from 
the progressive depletion of oil and gas resources. Many thousands of years are 
needed to form fossil fuels from materials of organic substances. As mentioned 
in previous sections, fossil fuels are similar to biomass but are stored of the 
ancient past for a much longer timescale. During last century a large amount of 
fossil fuels are consumed and the future exploitation and extraction is becoming 
increasingly difficult with diminishing economic-efficiency (Quaschning 2005). 
Moreover, proven reserves of fossil fuels are limited by the technically and 
economically exploitable conditions. Although coal is more abundant than oil and 
gas, energy from coal is not a substitute for all other fossil fuels and it has 
higher unit carbon emissions and therefore greater impact on climate change 
issue (Winstone, Bolton & Gore 2007). Due to very limited reserves of conventional 
energy, the structure of current energy supply should be switched to non-fossil 
energy sources and renewable energy is therefore under consideration. 
2.2.2.3 Import dependency 
Only a few countries have the sufficient energy reserve to supply own 
development. Such net exporters of energy include Canada, Australia and 
Norway. The UK was historically a net exporter until the declining North Sea 
production from the start of this century in 2004 (Winstone, Bolton & Gore 2007). 
The Ukraine-Russia gas crisis in January 2009 illustrates the costs of import 
GHSHQGHQF\RI(8 ³This failure resulted from over-reliance on Russian energy 
supplies, insufficient import alternatives and a lack of the institutional and 
physical infrastructurH«´ (Doran 2009). Such uncertainty is much worse when 
consider the fact that a large amount of fossil fuels is located in parts of the 
world characterised by conflict and political instability, such as Iraq, Iran, Kuwait 
and Nigeria. Energy security is unsustainable without affordability of energy. 
Renewable energy is possible to have both affordable and sustainable 
characteristics and contribute toward energy security for the entire world. 
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2.3 Offshore wind energy 
As part of the drive to address above concerns by converting to renewable 
energy production, the exploitation of wind for the generation of electricity is 
receiving increasingly attention and has become widespread in many countries 
over last 20 years (Jay 2008). To date, a large amount of wind farms are located 
onshore, but there has been a growing trend toward the development of 
offshore wind energy in terms of offshore farms located in shallow marine waters, 
especially in northern Europe leaded by countries like UK, Denmark and 
Germany. 
The technology for generating electricity from an OWF is similar to that for 
onshore wind farm, with a certain degree of adaption. A typical installation is 
illustrated in Figure 2.1. Main components include turbines (3), consisting of the 
aerodynamically shaped blades (2), towers, foundations (1), subsea cables (4), 
offshore transformers (5) and an onshore substation (6).  
 
Figure 2.1 (BWEA 2007a) 
 
The generation process is explained by BWEA (2007a) as follows: 
³Once the turbine is assembled, sensors on the turbine detect the wind direction 
and turn the head, known as the nacelle, to face into the wind, so that the blades 
can collect the maximum amount of energy. The movement of the wind over the 
aerodynamically shaped blades (2) makes them rotate around a horizontal hub, 
which is connected to a shaft inside the nacelle (3). This shaft, via a gearbox, 
powers a generator to convert the energy into electricity. Subsea cables (4) take 
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the power to an offshore transformer (5) which converts the electricity to a high 
voltage (33kV) before running it back 5 -10 miles to connect to the grid at a 
substation on land (6)´ 
The UK is now experiencing a major expansion of the offshore wind sector. 
There are a number of factors that drive the exploitation of offshore wind energy 
in the UK. Following section will discuss some of the factors. In chapter 4, UK 
offshore wind sector will be examined. 
2.3.1 Fewer physical constraints 
The exploitation of wind energy into offshore environment follows a simple logic: 
WKHµEHWWHUTXDOLW\¶ wind resource available at sea with fewer physical constraints 
has been widely recognised. The fact that the potential of offshore wind energy 
is much greater than onshore has been recognised for long time, such as the 
great wind resource in the shallow off the Wash, in eastern England (Musgrove 
1978 6SHFLILFDOO\ VWXGLHV LQGLFDWH WKDW WKH 8.¶V ORQJ FRDVWOLQH ZLWK KLJK
average wind speeds provides it the greatest wind resource in EU (DTI 2004; 
Troen and Petersen 1989). 
The size of the turbines used offshore is greater than those installed onshore. 
For example, the turbines used for Round 1 (see Chapter 4) wind farms reach 
100 to 135 metres above the sea. Each turbine unit has a designed capability 
output of 2 to 4 MW. Components like blades and foundations are considered as 
too large to transport through on land road. Offshore installation is therefore 
promises fewer physical constrains than on land with more space for access. 
Moving to offshore site allows developers to avoid various constraints faced by 
onshore wind sites. Visual impact is considered as one major disadvantage 
regarding an onshore wind turbine and the impact on the surrounding 
environment. It is considered as a landscape factor that impacts the subject of 
aesthetic scrutiny (Bishop 2002). Additionally, there is a concern of noise 
pollution caused by onshore turbines. Technologies increase the output efficiency 
of wind turbines yet fail to decrease the noise level effectively. All these impacts 
can be minimised in offshore sites. 
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2.3.2 DrivHUIRU³´WDUJHW 
Another important factor that drives the exploitation of offshore wind power in 
WKH8.LVWKHSXUVXLQJWRPHHW8.¶VHQHUJ\WDUJHWVHWLQ(8µ¶DJUHHPHQW
7KLVWDUJHWZDVIRUPDOLVHGLQ-DQXDU\WKDWWRJHQHUDWHRI8.¶VHQHUJy 
supply from RES by 2020 (BVG Associates 2009). BWEA estimates that this will 
UHTXLUHWRRIWKH8.¶VHOHFWULFLW\WREHJHQHUDWHGIURP5(65$%
NCE 2009). Moreover, it is estimated by the Carbon Trust that the offshore wind 
sector has the potential to provide the UK with up to 70,000 new jobs and £8bn 
in annual revenues by 2020, based on the EU 2020 targets being achieved 
(Carbon Trust 2008; DECC 2009a). 
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Chapter 3 
Study Approach 
 
3.1 Theoretical background ± 3RUWHU¶V)RUFHV 
Offshore wind market is a relatively new market for both developers and the 
Government. As a main focus of this project taken with the Company, market 
DQDO\VLVLVFRQGXFWHGDVDSUHOLPLQDU\VWXG\7KHPRGHORIWKH3RUWHU¶V)RUFHV
is employed as an initial interest for concern from the Company. The intention of 
using this model is to help the Company and other developers to understand 
offshore wind market in the UK in terms of analysing industry structure in 
strategic processes. 
The mode of five forces was developed by Michael E. Porter in 1980 based on 
the idea that competitive advantage came from the ability to earn a return on 
investment that was better than the average for the industry sector (Thurlby 
1998). The insight idea is to seize opportunities and meet threats from 
RUJDQLVDWLRQ¶V H[WHUQDO HQYLURQPHQW ZKLOH FRQVLGHULQJ LQWHUQDO IDFWRUV RI DQ
industry that influence the way in which firms compete and external factors 
outside an industry that influence the nature of competition within it. By 
determining the competitive intensity, profitability of a market can be identified 
for developers. According to Porter, the model should be used at generic 
industry level (Porter 1979). It is crucial to select industry at appropriate scope 
before any market analysis take place. As offshore wind market is the focus of 
this study, the framework is used as a starting point to help developers 
understand the balance of power in current situation. 
Force 1: The intensity of competitive rivalry 
This degree of rivalry, which is considered as the major determinant of the 
competitiveness of the industry, helps determine the extent to which the 
profitability of a typical firm in the industry will be dissipated trough competition. 
It includes both pricing and non-pricing rivalry, such as marketing. 
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Force 2: The threat of entry 
High profitable market will lead to many new entrants, which will effectively 
decrease profitability in return. Barriers to entry make it difficult or not 
economically feasible for a new entrant to replicate the incumbentV¶ SRVLWLRQ
(Sanderson 1998). The most common forms of entry barriers include economies 
of scales, cost of entry, distribution channels block and government legislations. 
Force 3: The threat of substitutes 
This force poses to the profitability influenced by the existence of close 
substitute products that customers can switch to alternatives in response to 
price increases. 
Force 4: The bargaining power of suppliers 
Suppliers of raw materials and components in inputs market have the ability to 
negotiate high input prices and thus reduce profitability for typical firms in the 
industry. The analysis focuses on the concentration of input suppliers and the 
degree of differentiation of inputs. The ability to differentiate customers through 
pricing tactics usually implies a market with high supplier power (Porter 1998). 
Force 5: the bargaining power of buyers 
This is a mirror image of the supplier buyer power. It determines the extent of 
EX\HUV¶DELOLW\WRQHJRWLDWHORZSXUFKDVHSULFHV2QHGHWHUPLQDQWLVWKHVL]HDQd 
the concentration of customers. The force is relatively high where there a few, 
large players in the market, such as in retail market, or associated with low 
switching cost between suppliers. 
/LPLWDWLRQRI3RUWHU¶V)RUFHV 
It is important to be aware that there are further limitations of this model in 
modern market context. As mentioned above, attentions need to first be paid 
particularly to selection of industry. The framework fails to take dynamic market 
environment into account. Conditions of modern industries are changed much 
faster than before due to technological innovations and consequently business 
PRGHOVDUHLQIOXHQFHGDVZHOO,WIXUWKHUIDLOVWRUHFRJQLVHWKHFRPSDQ\¶VLQWHUQDO
resources and the possible impacts on performance. The forces described in this 
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model are assumed to be unrelated and do not interact or collude. Studies on 
this limitation lead to the emergence of game theory by Brandenburger and 
Nalebuff (1996) who introduced the concept of complementors to explain 
strategic alliances between different players in the market. In some 
circumstances, government is usually considered as the sixth force that has 
potential impact on the attractiveness of an industry (Besanko et al. 2007).  
 
3.2 Project approach 
 
This research is conducted on a joint-project base between academic institution 
and business organisation through placement approach. The Company provides 
the access to its internal resources to a limited extent and researchers to 
produce analysis report regarding the topic of offshore wind challenges. It is 
eventually aimed to summarise the risks the Company is facing in the offshore 
ZLQG PDUNHW DQG WR PDNH D FRPSDULVRQ ZLWK WKH PDUNHW¶V SHUFHSWLRQ :KLOH
analysing risks in OWF development, potential actions to mitigate these risks 
and gaps are aimed to be summarised. The framework of the study is showed in 
Figure 3.1. Extensive background readings are accomplished as initial focus at 
the beginning stage and these form the fundamental pillars of market 
understanding. Constrained by limited access, the internal study of the Company 
is conducted through several face-to-face interviews and two group discussions 
during workshops. In addition, internal sources of the Company are reviewed, 
including projects reports, projects portfolios and relevant databases. The extent 
of exposure of such information is very limited in this study due to the 
confidentiality. The risk map overview of market and the Company perspectives 
is eventually discussed and synchronised through two workshops of which the 
first workshop is mainly aimed to present risks for offshore that the market 
SHUFHLYHV IURPDQDO\VHDQGWRGLVFXVV WKH&RPSDQ\¶VSRVLWLRQ LQ2:)PDUNHW
Responders in the discussion include managers from offshore wind projects, 
strategy department, head department of renewable energy sector and other 
relevant departments such as finance and R&D. The second workshop is aimed 
to present a summary and gap analysis of the results from the first workshop 
and more importantly, to propose potential implications and alternatives that the 
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Company may take to address perceived risks. Company-specific actions 
analysis will not be exposed in this study. 
 
Three different kinds of sources are reviewed and accessed in this study. Firstly, 
academic literatures in terms of environment and renewable energy, corporate 
strategy, risk modelling and other relevant topics are extensively studied. This 
provides the framework of the analysis carried out in later stage. Secondly, a 
large number of industry-specific reports, papers and data from professional 
databases have been reviewed and accessed. As indicated in Figure 3.1, these 
sources form the base of market perception in terms of the challenges in OWF 
market. Finally, recognitions and perceptions from employees in offshore wind 
department within the Company have been gathered and analysed. Two 
workshops with head and managers from different departments are conducted at 
the end of the project to summarise and access the findings from the analysis. 
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Figure 3.1 - Project approach 
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Chapter 4 
Offshore Wind market in the UK 
 
4.1 Offshore Wind market in the UK 
The UK is currently the world leader in offshore wind power generation, with 
598MW operational capacity. It has overtaken Denmark in October 2008 with 
the completion of a 194MW Lynn and Inner Dowsing offshore wind farm, off the 
Lincolnshire coast (Jha 2008). As of 5 August 2009, 7 offshore wind farms are 
fully operational, along with 2 demonstration sties in the UK, with 203 turbines 
and 598MW of installed capacity. A further 1,246MW worth of sites are currently 
under construction, while another 3,613MW projects have been consented and 
some 2,020MW are in planning awaiting approval (BWEA 2009c; Figure 4.1). 
 
 
Figure 4.1 
Overview of Wind Farm today (BWEA 2009c) 
 
Offshore wind is cRQVLGHUHGDVIXQGDPHQWDOIRUGHOLYHULQJWKH8.¶VHQHUJ\WDUJHW
and is now experiencing substantial growth. The prospective capacity of offshore 
wind generation has been in total geared up to 33GW, encompassing some 
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25GW in further round 3, announced by the UK Government on 24th June, 2009 
(Figure 4.2). The history of such development is however relatively short. 
 
 
Figure 4.2 ± 3 Rounds Capacity (MW) 
 
4.1.1  Historical development 
 
7KH8.¶VILUVWRIIVKRUHZLQGIDUPZDVFRPPLVVLRQHGLQ'HFHPEHURII%O\Wh 
Harbour with two experimental turbines and 4 MW capacity installed (BWEA 
2005). The success of this pilot and evaluative project leaded to the construction 
RI WKH 8.¶V ILUVW ODUJH VFDOH RIIVKRUH ZLQG IDUP ± North Hoyle ± completed 3 
years later. Although the UK has lagged behind other European countries, 
especially Denmark, Germany and Spain, it is now experiencing a major 
expansion of the OWF sector. The development of OWF has been accelerated 
throughout the UK over the last 8 years. 
There are three compHWLWLYH URXQGV LQ WKH 8.¶V RIIVKRUH ZLQG GHYHORSPHQW
which was initialised by the formal discussion between the British Wind Energy 
Association (BWEA) and the Crown Estate in 1998. The first phase launched in 
2001 was officially known as Round 1, in which eventually 14 projects were 
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granted permission to proceed with a total capacity just over 1GW. Each site in 
Round 1 was limited to a maximum of 30 turbines because it was intended as a 
µGHPRQVWUDWLRQ¶ URXQG ZKLFK HQDEOHG ³prospective developers to gain 
technological, economic and environmental expertise´ WRZDUGV RIIVKRUH ZLQG
power (The Crown Estate 2008). Lessons learnt from Round 1, particularly the 
significant leading time in getting consents for sites, prompted a strategic 
framework Round 2 to be developed. It was announced for larger commercial 
scale offshore wind projects in December 2003. 15 projects totalling over 7GW 
are granted lease options in three key areas as appropriate for development, 
which were identified by the Crown Estate and the Department of Trade and 
Industry (DTI): the Thames Estuary, the Greater Wash and the North West 
(Figure 4.3; BWEA 2005). Round 2 sites are much larger in scale, at greater 
distances from shore and there is no limit capacity for Round 2. Some large 
schemes have already been granted, such as the 1GW London Array, and are 
now well underway. 
 
 
 
Figure 4.3 
Round 1 & 2 OWF Sites (The Crown Estate n.d.) 
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4.1.2 Moving towards Round 3 
 
In order to ensure that the UK have the best chance of delivering renewable 
power in large scale, the Government is employing a different approach to that 
undertaken by the first two rounds of development. Offshore wind Strategic 
Environmental Assessment (SEA) was announced by the Government in 
December 2007 to examine 25GW of additional generation capacity and followed 
this, Round 3 was launched in June 2008, envisaged on a much bigger scale of 
25GW than first two rounds (Figure 4.2). 
Unlike Round 1 and 2, The Crown Estate is taking a more prominently lead role 
by contracting co-investing partnership with developers to address barriers to 
delivery. The partnership combines technology and practical experience of the 
offshore wind development with administrative efficiencies generated by The 
Crown Estate. A partner company will be contracted through a competitive 
tender process to develop exclusively one of nine indicative Development Zones 
identified by The Crown Estate and SEA. In each zone there is a potential to 
develop multiple sites and the process will offer flexibility to partner developers 
in defining site boundaries. Over 40 applications submitted bids for one or more 
Zones by March 2009. The awards to Zone partners are expected to be 
announced from the autumn 2009 onwards.  
The difficulty in getting consents granted and consequently significant lead time 
for OWF projects promoted the Government to reform the current planning 
system. A new Infrastructure Planning Commission (IPC) is to be established 
under the new proposed Planning Bill. The IPC is expected to act as a single 
consenting point to make planning decision for large scale offshore wind farms 
ZKHUH WKH\ DUH µQDWLRQDOO\ VLJQLILFDQW LQIUDVWUXFWXUH SURMHFWV¶ DQG WKHUHIRUH
reduce the lead time in consenting to provide simpler and more cost-effective 
mechanics for partners (UK Trade & Investment 2008). 
After slow and pilot-project driven development until 2001 the offshore industry 
has experienced strong capacity growth over recent years. Round 1 and 2 
present the prospects of a constant increase in annual growth rates and in the 
size of individual offshore wind projects. The trend is set to continue and growth 
prospects for the offshore industry are looking strong. 
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It is worth to note that at the time of this paper is written, partners are still 
waiting for the results of Zones awarded from the Crown Estate. This is expected 
to be completed by the end of 2009. To grant all relevant consents and contracts 
are expected to take up to 2 years and the following construction phase usually 
takes 4 to 6 years. Therefore, projects in Round 3 are not expected to contribute 
to delivery earliest by 2015 (The Crown Estate 2008). Since the Crown Estate 
does not make the bidding list public and most of the consortia have also 
remained silent, there is considerable speculation over the results. No bidders 
are aware of the capacity likely to be allocated to them in the Round 3. 
Therefore, the potential for some of the forecast results below to be 
supplemented by Round 3 projects is to some extent ambiguous. 
BWEA forecasts that The UK offshore wind capacity is anticipated to deliver 
capacity around 6GW by 2015, and 9GW is achievable under optimised scenario. 
Figure 4.4 shows the cumulative UK offshore wind capacity and annual installed 
capacity towards 2015 in accordance with the projects build figure of Round 1 
and 2. Dot line represents the theoretical maximum cumulative capacity trend. 
7KHDJJUHJDWHIRUHFDVWLVEDVHGRQWKHRSWLPLVHGVFHQDULRZKLFKLVµQRGHOD\DQG
QRUHGXFWLRQLQSURMHFWFDSDFLW\¶7KHVHVXSSO\FKDLQOLPLWDWLRQVDUHGLVFXVVHGLQ
next chapter. Again, Round 3 projects are not expected to deliver capacity 
before 2015. 
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Figure 4.4 
UK offshore wind capacity delivery (excluding Round 3) (BWEA and Garrad Hassan 2009) 
 
The construction lead time of offshore wind project is noticeable. Projects in 
Round 1 and 2 were given initial approval by The Crown Estate in April 2001 and 
December 2003 respectively. As shown in Figure 4.5, it is anticipated to take 9 
to 11 years from award to install 50% of the total the designed capacity. 
According to BWEA (2007b), the overall success rates for Round 1 and 2 
installations are calculated to be 80% and 70% respectively. The cumulative 
capacity is expected to increase remarkably since Round 2 projects start to 
deliver. 
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Figure 4.5 
UK offshore Wind Capacity ± Round 1 and 2. % capacity installed by years from award 
(BWEA 2007b) 
,WLVFOHDUWKDWWKHODUJHVWFRQWULEXWLRQWRWKH8.¶VUHQHZDEOHWDUJHWVZLOOEHIURP
the success of Round 3. Forecast beyond 2015 indicates considerably increase 
with consideration of Round 3 delivery. Figure 4.6 shows a continued forecast of 
installation, broken down by region. This includes all Round 1 and 2 projects and 
the assumed 25GW installed by 2020 from development of Round 3 and Scottish 
Territorial waters. Projects of Round 3 are anticipated to start deliver between 
2016 and 2018 which is indicated by the levelling off followed by sudden 
increase (The Crown Estate 2008 7KH 8.¶V IXWXUH RIIVKRUH GHOLYHU\ LV
considerable even in the context of the whole European offshore market. Figure 
4.7 presents the European picture using anticipated country-by country activity 
WRDQG(:($¶VHVWLPDWLRQRIQRQ-8.LQVWDOODWLRQXSWR7KH8.¶VJUHDW
share of EU-wide offshore wind capacity after 2016 is contributed by Round 3 to 
a large extent. 
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Figure 4.6 
Projected annual and cumulative UK offshore installation to 2020 in GW (BVG Associates 
2009) 
 
 
Figure 4.7 
Projected annual and cumulative offshore installation to 2020 in MW in UK and rest of 
Europe (BVG Associates 2009) 
Turbine is an important indicator for wind energy. It is relevant also to consider 
the growth of the number of turbines to be installed in future. Future capacity 
gap requires additional 5,000 to 7,000 turbines to be installed (BVG Associates 
2009). Figure 4.8 shows the forecast that the number of turbine to be installed 
each year will rise gradually to just below 1,200 by 2020. The average power of 
  
32 
 
turbines is anticipated to increase by three times up to 6MW by 2020 (BVG 
Associates 2009). However, due to the insufficient competitive market structure 
and barriers of market entry, shortage of turbine supply is considered as a 
bottleneck for future extensive offshore wind delivery. This will be further 
explained in next chapter. 
 
Figure 4.8 
Projected number of turbines installed offshore UK to 2020 (BVG Associates 2009) 
 
4.2 Process of OWF development 
 
The process of OWF development is typically complicated and time-consuming. 
Requirement of huge capital investment and large scale of project management 
make process planning and execution the top priority to consider for both the 
Government and developers. Developers of OWF are usually both financially and 
technically strong. A typical large offshore wind project takes 6 to 8 years to be 
completed, of which construction takes around 4 years based on current 
technology. Lead time in consent process is considerable as well. Though all 
projects have specific issues, the development process for a typical large OWF is 
shown in Figure 4.9. This section will outline the process and discuss Origination 
and Development in detail. 
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Figure 4.9 
Development process of OWF 
Origination 
To successfully develop an offshore wind farm, site identification is considered as 
an initial and fundamental task. The origination phase can be described as the 
feasibility stage where a particular prospect covering various potential 
constraints will be produced. Considering the significant lead time in followed 
consents granting stage and the uncertainty of site allocation, investigation of 
potential areas identified for development in terms of both strategic and 
operational aspects are necessary for developers. Main factors to consider are 
initial feasibility study and consultation, grid connection options, economics 
viability and Environmental Impact Assessment (EIA). 
Development 
After a specific site has been identified, developers will apply for a variety of 
consents that are required for granting the site Lease from the Crown Estate. 
This application process involves an extensive stakeholder engagement which is 
typically time-consuming, and different assessments need to be performed as 
well. 
In development phase it is crucial to secure all the suppliers contracts effectively. 
Due the relative strong power of suppliers, negotiation is considered as very 
difficult and erodes potential benefits of developers. Suppliers include different 
players at each part of offshore wind supply chain, such as turbine suppliers, 
components suppliers, vessel suppliers and foundation suppliers. 
 
Origination
initial feasibility 
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EIA
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key third 
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Construction 
As contracts with most of the key suppliers have been secured before 
construction, the third phase is more likely an installation stage. Although 
offshore wind industry experiences dramatic expansion in recent years, there is 
still a shortage of available transportation vessels with appropriate technology 
dedicated for offshore wind development. As a result, in construction phase it 
usual takes a considerably long time in transporting and installing foundations 
and turbines. Moreover, the marine conditions pose great challenges to project 
delivery. Weather, wind and waves are the dominating factors and such 
extremely unstable environment make project delay unpredictable. 
Maintenance 
Offshore wind farms will start to deliver capacity once the construction of sites is 
completed. Present turbines are designed with a life time of 20 years which is 
however, subject to sea conditions. Most of these offshore turbines are the same 
as those designed for onshore. As the first offshore wind farm in the UK was just 
completed in 7 years ago, no site is currently available for assessing the full 
lifetime. Maintenance is therefore important to ensure offshore site well 
functioning and generated economics in long term. 
2Q WKH &URZQ (VWDWH¶V WLPHWDEOH IRU 5RXQG  SURJUDPPH FRQVWUXFWLRQ DQd 
operation are expected to start from 2014 and 2018 respectively (The Crown 
Estate 2008). Since all the contracts with third parties such as suppliers are get 
LQSODFHLQGHYHORSPHQWSKDVHFRQVWUXFWLRQLVDQµH[HFXWLRQRIFRQWUDFWV¶VWDJH
Round 3 is approaching on a much larger scale and developers are already in 
ZDLWLQJIRUUHVXOWLQJ¶VWDJHGLVFXVVLRQZLOOIRFXVRQRULJLQDWLRQDQGGHYHORSPHQW
processes which are more relevant for further consideration. 
4.2.1 Origination 
As origination is primarily to identify potential area or site that are suitable for 
developing offshore wind farm in the future, a series of assessment in terms of 
feasibility, potential capacity and environment impacts are conducted. For 
developers, initial feasibility study is considered from both strategic and 
economic perspective. Site identification is required to fit-LQ GHYHORSHU¶V
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corporate strategy and should be providing favourable economic viability in long 
term. Electricity generated from offshore turbines will be transported back to an 
onshore transformer through underwater cables. This will convert the voltage for 
transmission through the national grid through the local grid connection. The 
8.¶V FXUUHQW JULG V\VWHP ZDV EXLOW DURXQG ODUJH FHQWUDO SRZHU SODQWV LW LV
therefore crucial to assess the condition of grid connection from onshore 
transformer to the nearest connecting point. Transport over long distances is not 
cost-efficient. 
Moreover, there is a concerning about the environmental and species impacts of 
offshore sites with large turbines, such as effects on fish and birds migration, 
threats on marine mammals and cultural heritage (DECC 2009b). EIA is set to 
cope with these issues and is legally required to be followed before OWF can be 
given development consent. It refeUV WR ³a means of drawing together, in a 
V\VWHPDWLF ZD\ DQ DVVHVVPHQW RI D SURMHFW¶V OLNHO\ VLJQLILFDQW HQYLURQPHQWDO
effects´CEFAS 2004:3)URPDGHYHORSHU¶VSHUVSHFWLYH(,$SURYLGHVDXVHIXO
framework within which environmental considerations and design development 
can interact. An Environmental Statement with favourable results is also of help 
for consenting authorities to reach a decision more rapidly by providing thorough 
environmental analysis and provision of comprehensive information (ibid.). 
For the upcoming new round of OWF development, there are 9 potential areas 
that have been identified by the Crown Estate as potential Development Zones 
for OWF and confirmed by SEA as well (Figure 4.10a, b). As developers are only 
allowed to develop OWF within the Zones they awarded from winning the bid, 
procedure of various environmental tests will be simplified to a certain extent. In 
additional, the Crown Estate will participate in Round 3 with a facilitating role to 
help developers conduct relevant assessment in the initial stage, such as EIA. 
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Figure 4.10a 
Round 3 Zones for development 
 
Figure 4.10b 
Round 3 Zonal Indicative connection Capacities 
(The Crown Estate 2009) 
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4.2.2 Development 
The Crown Estate manages worth over £7 billion extensive marine assets, 
LQFOXGLQJSHUFHQWRIWKH8.¶VIRUHVKRUHDQGPDMRULW\VHDEHGRXWWRGLVWDQFH
of 12 nautical miles (22.2 km). Under the Crown estate Act 1961, a site Lease is 
required for the placement of structures or cables on the seabed which includes 
OWFs and their ancillary cables and other marine facilities. To award a site Lease 
requires developers to grant statutory consents from a number of government 
departments, such as the Department for Transport, the Department for 
Environment, Fisheries and Rural Affairs, and the Ministry of Defence. The Crown 
Estate granted lease options to give developers certainty while they carry out 
site investigations. This process is considered as extremely complicated and time 
consuming. 
By realising particular difficulties in gaining planning approval and the 
consequent delays for OWF project, the Government introduced new 
mechanisms to replace various existing planning and consent regimes. Two 
pieces of Government proposed legislation ± the Planning Bill and the Marine Bill 
± are currently under approval. Under the Planning Bill, a new Infrastructure 
Planning Commission (IPC) is to be established as a streamlined process for 
seeking approval. IPC planning process includes 5 key stages: 1) pre-application 
consultation, 2) application, 3) acceptance of the application by the IPC, 4) 
examination of the application and 5) the decision. The process will be carefully 
time-tabled, so as not to cause any of the undue delays (UK Trade & Investment 
2008). 
Moreover, OWF developers will need to seek for key suppliers and start to 
negotiate for construction. Key suppliers are turbines suppliers, foundation 
suppliers, cables and components suppliers and transportation suppliers. In 
current market, there exist few offshore specific wind turbine products and even 
fewer dedicated offshore wind turbine manufacturers. This is mainly due to the 
marginal share of the broader wind turbine supply market represented by 
offshore wind. Main turbine suppliers are Vestas, Siemens, REpower and GE. 
Similarly, there is a considerable shortage of transportation suppliers, specifically 
installation vessels. Only 2 main vessels purpose built for the offshore wind 
PDUNHW ³5HVROXWLRQ´DQG ³6HD -DFN´DUHEXLOWDQGXQGHU IXOO RSHUDWLRQDW WKH
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moment. Foundation and component supply are relatively less concerned area. 
Power of suppliers will be analysed fully in next Chapter. 
Figure 4.11 concludes the indicative process for a typical large UK Offshore Wind 
Project (BWEA 2007b). OWF development can be broke down into 4 phases: 
Origination, Development, Construction and Maintenance. Initial feasibility study 
is conducted for site identification. Developers are then required to apply 
through a redundancy process to grant all necessary consents and a site Lease 
form the Crown Estate. Followed stage of negotiation and contracting with key 
third parties poses various challenges for developers and is time consuming as 
well. In installation phase it takes 2 to 3 years to build the site where delays are 
highly possible due to the uncertainty of weather condition. After understanding 
the process of OWF development, discussion in next chapter will turn to examine 
challenges and identify key barriers in Origination and Development phases for 
potential developers in Round 3. 
 
 
 
 
Figure 4.11 
Indicative process for a typical large UK Offshore Wind Project (BWEA 2007b) 
  
Originatio
n 
Development Construction Operation & main. 
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Chapter 5 
Analysis 
 
This section SHQVZLWKDQDQDO\VLVRI8.RIIVKRUHZLQGPDUNHWWKURXJK3RUWHU¶V
Forces. This presents the discussion of different players in the market and their 
relative positions in terms of market power. Risks for developers from the 
development process are examined in detail. 
3RUWHU¶V)RUFHV 
Rivalry among competitors 
$W\SLFDO2:)GHYHORSHU¶VSURILWDELOLW\LVDIIHFWHGE\WKHGHJUHHRIULYalry among 
existing competitors to some extent. Various OWF developers Round 1 and 2 are 
listed in Appendix 5.1, 5.2 (BWEA 2009e, c). There are two sources of profits of 
OWF development for developers: wholesale electricity market and the ROC 
market. UnforWXQDWHO\ WKH 8. HOHFWULFLW\ PDUNHW LV FRPSOH[ EHFDXVH ³the 
relationship between the cost of generating electrical power from various 
sources and the price that consumers pay is blurred by direct and indirect 
subsidies, market mechanisms, transmission and distribution costs´ The RAE 
n.d.). To examine the complex electricity market which is at the downwards of 
OWF supply chain will inevitable blur the focus of this analysis on OWF. We will 
therefore keep the discussion at generic level that the competition in wholesale 
electricity market is neutral and players there hold a certain degree of price 
making power. However, further market regulatory mechanisms are expected to 
release soon and will be much tighter. As a result, competition in wholesale 
market will be fiercer to drive electricity price down (Clarke 2009). 
ROC refers to the Renewable Obligation Certificates. The Renewables Energy 
Obligation is one of the main market mechanisms introduced by UK Government 
in April 2002 for supporting renewable energy (Ofgem 2009). This obligation, 
placed on all electricity suppliers, requires them to source a certain proportion of 
all electricity supplied to customers in the UK from renewable sources. 
Certificate is further introduced. It is tradable and can be sold to suppliers as a 
demonstration of compliance with the RO (Ofgem 2008). This apparently 
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increases the profitability of renewable energy generation as the price of 
certificates is set at a premium above the price of electricity itself. However, the 
price of a ROC is subject to the market. The current estimation of price is 
between £40 and £50 per ROC (Company internal source). The Company reveals 
that the uncertainty and potential competition in ROC market between different 
sellers will pose a certain degree of pressure on the price, and eventually the 
profit gained. 
It can be observed from the analysis table that issues relating to differentiation 
or cost-leadership of developers are not significant (Appendix 5.3). The cost of 
OWF is substantially high (£3.7m per MW) and there are currently no significant 
cost differences among developers due to limited technology options. Degree of 
product differentiation among developers is negligible and switching cost is very 
low. Pricing tactics are employed in some circumstances but in most cases are 
limited due the market structure. Although pricing factor in ROC market and 
electricity market impacts the profitability to a certain extent, rivalry is not 
considered as a critical issue to OWF developers. 
Threat of entry 
The observable economies of scale in OWF development is insignificant. Large 
scale installation does not decrease unit costs remarkably. Although large 
amount orders to suppliers for turbines and cables are negotiable, average cost 
of per MW has increased sharply over last 5 years (BWEA 2009d). Since the 
location of site has been decided by the Crown Estate, the access to distribution 
channels, which is national grid network, is geographically determined. 
Favourable locations are subject to initial public bidding status. However, 
winners are provided exclusive rights from the Government in development and 
operation of OWF. Moreover, learning effects is considerable for incumbents. For 
instance, the Company indicates that there was a three-month delay in site H 
development. It was caused by the inappropriate vessels issue in construction 
phase. Although the unexpected delay finally incurred additional 20% expense 
RYHU WKH EXGJHW LQYDOXDEOH OHVVRQV ZHUH OHDUQW DQG µDUHD RI FRQFHUQ¶ LV
highlighted for future projects. 
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Entrants of OWF development are required to be both financially and technically 
strong. Current capital costs of OWF centres on £3.1m per MW of capacity 
installed (BWEA 2009d). Figure 5.1 shows the estimated total capital 
expenditure of OWF over time for a range of Round 1 and 2 projects. The data 
indicates that total capital costs have increased by 30% over last 3 years and 
this trend is expected to continue towards 2012 (Ernst & Young 2009). Every 
offshore site has its own specific conditions which pose various technical 
requirements for developers in terms of wind resources, distance to shore, water 
depth, wave and weather. 
 
 
Figure 5.1 
Total capital costs ± indicative trend line 2006-2012 (Ernst & Young 2009) 
Barriers for entry are considered as overwhelmingly high from this point of view. 
Threat of entry is therefore insignificant. 
Pressure from substitute 
Though substitutes of offshore wind power exist in various forms, as discussed in 
chapter 2 and 4, offshore wind power is expected to contribute a large part of 
WKH 8.¶V HOHFWULFLW\ FRQVXPSWLRQ E\  )LJXUH  VKRZV WKH SUHGLFWLRQ LQ
2015 that offshore wind power accounts for 40% of UK renewables obligation 
used, increased from 4% in 2007 (Figure 5.2, BWEA, 2007b). Since offshore 
wind industry demand is relatively stable and most are contracted, price 
elasticity is low. Intensive stimulation from the Government and the offshore 
wind industry constrains pressures form substitute to a limited extent. 
  
42 
 
 
 
Figure 5.2 
UK Renewables Obligation in 2007 and 2015 (BWEA 2007b) 
Power of buyers 
In terms of the buyer power, individual consumers, or householders have very 
low ability to negotiate low purchase prices with typical energy suppliers in 
wholesale electricity market. Individual consumer purchases in small volumes 
and this represents a marginal fraction of the whole market. Considering the 
high entry barriers and low pressure from substitute, consumers are in an 
insufficient competitive market in which they always act as price-taker and 
sellers post D ³WDNH-it-or-leave-LW´ SULFH WKDW DSSOLHV WR DOO WUDQVDFWLRQV ,W LV
apparent that power of buyers is low and regulatory bodies should be 
responsible for reorganise market orders. 
Power of input suppliers 
In OWF development phase, developers seek to contract with key input suppliers, 
such as turbines, foundations, cables and secure logistic operation at early stage. 
Unfortunately, it is generally considered that this upstream supply market of 
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OWF is insufficient competitive and as a result the power of input suppliers is 
relatively strong. Individual suppliers have strong ability to negotiate high input 
prices with typical developers in OWF industry. Input prices in currently duopoly 
or oligopoly markets deviate from those that would prevail in perfectly 
competitive input markets. Investment for offshore site is typically high and a 
large part of the costs come from input supply purchase. Input suppliers act as 
price makers and are usually more powerful over developers in negotiation. 
'HYHORSHUV¶SXUFKDVHYolumes vary from tens to hundreds depending on specific 
site scale. However, offshore wind only represents a small proportion of wind 
supply market. Therefore, for products that can be sold both onshore and 
offshore with only minor differences in the detail of design and manufacture, 
suppliers prefer to sell to onshore projects which have lower risks (BWEA 2009d). 
This is especially critical in turbines and vessels supply. Supplier industry is more 
concentrated than OWF industry. There are fewer active suppliers dedicated to 
offshore wind market and so they are able to price-discriminate among 
prospective developers. Significant power of input suppliers influences typical 
GHYHORSHUV¶SURILWDELOLW\DQGUHPDLQVDVDFULWLFDODUHDRIFRQFHUQIRUWKHP 
 
5.2 Challenges ahead 
This section will move to examine challenges and key barriers that OWF 
developers are facing in origination and development phases with particular 
attention paying to the strong power of input suppliers in supply chain market. 
5.2.1 Effectiveness of IPC 
The IPC will not be established until April 2010 and there are risks as to its early 
effectiveness. A report by BWEA (2008) reveals that while 70% of major 
planning applications are subject to the completion deadlines of 13 or 16 weeks, 
only 5% of these applications achieve this, and the delay increases the average 
lead time of consenting to 2 years. The IPC has a target of granting consents of 
1 year. Currently there are insufficient resourcing within statutory bodies to 
VXSSRUW WKH *RYHUQPHQW¶V commitment to offshore wind, such as shortage of 
advisors and expertises (BVG Associates 2009). Conflicts of interest within 
individual stakeholders are historically proved to be difficult to coordinate and 
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are time-consuming. Furthermore, in order to meet the 2020 delivery objective, 
,3&LVIDFLQJWKHXUJHQWWDUJHWWKDW³3GW has been consented in the past 7 years, 
10 times that amount must pass through the planning system in 10 years time´
(BWEA 2008). The new consenting processes for Round 3 are yet to be defined. 
For instance, it is unclear that whether consents will be granted at zone level or 
individual site level. All these uncertainties in planning system pose potential 
risks of projects delay for future OWF developers.  
5.2.2 Intellectual infrastructure 
This intellectual infrastructure refers to the skills and knowledge of people and 
institutions vital to the success of OWF industry. Since the future OWF 
development is scaling up, a significant increase in the numbers of skilled 
personnel with appropriate knowledge and experience will be required for all 
parts of the supply chain. The Company also considered that such skills shortage 
is already causing the industry concern and the Company is taking prioritised 
actions to address this major problem. 
5.2.3 Grid 
The challenges posed in the offshore transmission connections for Round 3 OWFs 
are significant, though the feasibility assessment carried out by the Crown Estate 
(2008a FRQFOXGHG WKDW ³the activity was technically feasible and offered 
commercial possibilities´ 7KH ORQJZDLW IRU JULG FRQQHFWLRQ LV RQHRI WKHPDLQ
barriers to OWF development at the moment, with some completed wind 
projects facing delays of up to nine years (Young 2009). To cope with 
incremental changes, the new offshore transmission regime must be adequate 
for 33GW of offshore wind energy by 2020. Unfortunately, it is determined that 
LQ WKH SULPDU\ VROXWLRQ ³each OWF is connected directly to an onshore 
connection point, with no interconnection between the OWF in a particular zone´
(The Crown Estate 2009). Such point to point connection system will be 
unwieldy for the scale of future growth. This would require individual approval 
for cable routes, landfall and onshore connection. On 22 July 2009, Ofgem 
opened the first series of tenders for transmission licences to connect offshore 
wind farms to the national grid. It was for nine offshore wind farm projects with 
a total capacity of 2.065GW (Appendix 5.4). A transmission license will be 
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granted to successful bidder for each project, and then bidders will enter into a 
transfer agreement with specific developers to maintain and operate the assets. 
The new scheme however, could lead to further delay in grid connection in the 
event that the bidder and existing developer are unable to agree the terms of 
the transfer agreement (Power Engineering 2009). The Company expressed the 
specific concerns over the effectiveness of the new transmission scheme. 
5.2.4 Turbine manufacture 
Constraints of wind turbines are a particular challenge to the delivery of 33GW of 
OWF in a timely and economically realistic approach. It is predicted that an 
additional 7,000 offshore turbines are required for the Government to meet the 
committed target. However, there is currently inadequate turbine manufacturing 
capacity to provide the large volume and fewer dedicated turbine suppliers with 
a pedigree in offshore wind. There are currently 4 large active turbine suppliers: 
Vestas, Siemens, REpower and GE, as shown in Figure 5.3 in terms of total 
installed capacity at the end of 2008 (BVG Associates 2009). It is notable that 
the dominance of Vestas and Siemens in the UK and the rest of Europe form an 
oligopoly market. Such insufficient competition within the UK is unable to drive 
the price of turbines down in the short term, which consequently threatens the 
economic case for OWF projects.  
 
Figure 5.3 
UK and EU non-UK offshore wind market share (BVG Associates 2009) 
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Moreover, manufacturers are competing in global scale rather than within the UK 
market. On a global scale manufacturers will concentrate on the lower cost, 
lower risk onshore sector. Figure 5.4 presents the projected global installation to 
2020 showing relative onshore and offshore wind contribution (BVG Associates 
2009). On one hand, although offshore wind share grows from a negligible 
contribution to providing a significant fraction, onshore wind turbine sales still 
dominate the market. In response to global onshore wind demand, it is 
considered that suppliers will continue to focus on developing onshore 
technoloJ\ 9HVWDV UHVSRQGHG LQ %9* $VVRFLDWHV¶ LQWHUYLHZ WKDW ³there is no 
DOORWPHQW RI WXUELQHV IRU RQVKRUH RU RIIVKRUH ZLQG ZLWKLQ 9HVWDV« 6KRXOG DQ
offshore project meet the acceptance criteria it will have priority over onshore 
and get the turbines´BVG Associates 2009). As a matter of fact, offshore wind 
projects generally have higher risks regarding the defects and availability 
warranties, which are reflected in the supply unit price. In addition to the 
management of risk, factors for turbine suppliers to concern with include the 
lower availability of contracts with suitable terms compared to onshore 
opportunities and limited internal resources to develop and support offshore 
wind turbine technology. 
 
 
Figure 5.4 
Projected global installation to 2020 (BVG Associates 2009) 
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On the other hand, a certain amount of potential new entrants are anticipated to 
enter into offshore wind turbines market in the future. Figure 5.5 illustrates the 
anticipated future trend of a bifurcation of the supply market. Suppliers in 
offshore turbine market are eventually becoming increasingly prevalent by 2015 
or after (BWEA 2009a). Some additional manufacturers are not listed in figure 
5.8 but will have offshore pedigree in due course, such as 2-B Energy, Acciona, 
Enercon, Gamesa and Mitsubishi (BVG Associates 2009). It is perceived that the 
supply-demand imbalance has been a general trend towards greater profitability 
for existing large turbine manufacturers. For instance, figure 5.6 shows the shift 
RI9HVWDV¶SURILWDELOLW\ LQ UHFHnt years. Greater margins are expected by many 
above manufacturers and are perhaps inevitable as offshore wind business 
expands, especially in light of the historically low levels of return experienced 
(BWEA 2009a). 
 
 
Figure 5.5 
Onshore and Offshore wind turbine market (BWEA 2009a) 
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Figure 5.6 
Vestas ± profitability (BWEA 2009a) 
 
5.2.5 Foundation supply 
In general the risk associated with foundation supply market is considered to be 
low. This is partly due to the historical and anticipated future levels of healthy 
competition and capacity development in this market. To date the vast majority 
of offshore foundations have been dominated by monopiles that manufactured 
from steel. There are currently only 2 to 3 monopiles suppliers active in the 
offshore wind market, leaded by SIF/Smulders. 
Previously projects of onshore wind are built on solid ground with standard 
concrete piles and foundations cast on site. Soil conditions for offshore projects 
are different from traditional projects and foundation type depends on water 
depth and soil capacity. Monopiles foundation start to become less economically 
attractive as projects in future round will be located in deeper water with longer 
distance to shore and much more unstable seabed conditions. As water depth 
and turbine size increases, it is anticipated that there will be a shift towards 
alternative foundation structures, including jackets tripods and suction buckets 
and in some instances concreted based foundations are under consideration. 
Additionally, although for UK offshore projects to be installed within 5 years 
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monopiles is still considered to dominate, alternative structures are likely 
penetrate for projects contracted in 2013 to 2015 (BWEA 2009a). However, 
developers, including the Company, did not show much concern about supply of 
foundations, with more attention being given to innovation solutions. New 
designs, though needed, take time to adapt suitable manufacturing technology 
effectively and such designs are not proven yet. 
5.2.6 Installation vessel 
The delivery of future projects requires a number of different classes of vessel 
where the main challenges come from the main installation vessels for 
foundation and turbine erection. Early offshore wind deployments relied on 
vessels from other industries with certain degrees of modification. Typical lead 
times of vessel manufacturing are 9 months for modification of an existing 
vessel and 2 years for a new build. During 2003 to 2005, the first two main 
installation vessels purpose built for OWF were completed and came into full 
operation. The surge in vessel demand from 2007 onwards has led to substantial 
increase on day-UDWHV IRU YHVVHOV )XUWKHUPRUH WKH µYHVVHO FUXQFK¶ WUHQG LV
anticipated to continue for projects deploying in the 2009 and 2010 build 
seasons, when the degree of construction activity then demands up to 8 vessels 
specifically targeted for OWF installation. Figure 5.7 illustrates the estimated 
supply-demand imbalance in vessel supply till 2015 (BWEA 2009a). As outlined 
in this anticipation, new LQYHVWPHQWLVQHFHVVDULO\QHHGHGDVLQµ6XSSO\± High 
&DVH¶HVSHFLDOO\DVVRPHH[LVWLQJPRGLILHGYHVVHOVDUHQRWVXLWDEOHIRULQVWDOOLQJ
activities in deeper water and in harsher conditions. Currently, nine additional 
main installation vessels are under construction. Although there is a great 
potential for cancellation or delay, this will mitigate the increasing upward 
pressure on vessel supply. 
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Figure 5.7 
Projected supply-demand imbalance for vessels (BWEA 2009a) 
 
5.2.7 Subsea cables 
Subsea cables, especially export cables, remain as a main constraint for most 
developers. Export cables connect offshore substations to shore. The length of 
medium voltage (MV) cable required per MW drops as turbine size increases and 
the amount of high voltage (HV) cable increases with distance from the shore. 
As projects move further off the coast and scale up, HV cables are more suitable 
for future projects. However, there is a consensus that there will be a significant 
shortage of HV cables for Round 3 unless further investment decision made in 
DGYDQFH $FFRUGLQJ WR 7KH &URZQ (VWDWH¶V 5RXQG  &RQQHFWLRQ 6WXG\ The 
Crown Estate 2008), the total requirement of cable for Round 3, which is 
expected to begin construction in 2015, is approximately 7,700km. Currently 
there are only 4 established players providing HV subsea cables: Nexans, 
Prysmian, ABB and new entrant NKT. Based on existing capacity and that 
currently being built, the annual production capacity of cable is estimate to be 
2,000km extrusion by 2015 (BVG Associates 2009). Moreover, the rapid ramp-
up in supply is not likely happen in short term due to the considerable lead time 
of up to 4 years of bringing a completely new line on stream, or at least 2 years 
of testing and consenting to extend existing capability (ibid.). These constraints 
pose perceivable challenges for OWF developers after 2015 when demand 
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exceeds supply without significant investment in capacity. Therefore, new 
investment is expected to be made in cables market by 2011 for providing 
sufficient supply looking forward to 2015. 
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Chapter 6 
Findings and discussion 
 
With the announcement of future Round 3, offshore wind energy market is 
receiving great attentions today. Yet this is a young industry and so little is 
known and understood about the market and the issues such as technology 
EHKLQG LW7RXQGHUVWDQGWKHGLIIHUHQWSOD\HUVLQ2:)PDUNHW3RUWHU¶VIRUFHV
analysis is employed in the analysis in previous chapter and this chapter moves 
on by opening with the summary of the key findings from the pervasive analysis 
results of last chapter. More specifically, various challenges will be grouped into 
the Overall Risk map in order to perceive risk gaps between the perceptions of 
market and the Company. 
 
6.1 Summary of key findings 
 
Figure 6.1 
The mode RI3RUWHU¶VIRUFHV 
 
Figure 6.1 concludes the 5 different forces from previous analysis. Threats of 
entry are low as the requirements to entry include developers to be both 
financially and technically strong. Considerable learning experience of previous 
offshore projects provides existing developers invaluable advantages in terms of 
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resourcing and constructing. OWF developers face low pressure from substitute. 
OWF development is remarkably stimulated by both the Government and the 
industry and the demand side is relatively stable and contract-based. Similarly, 
power of buyers is low as individual consumers have very low ability to negotiate 
low purchase prices with suppliers in wholesale electricity market. The rivalry in 
OWF development is relative mitigatory between existing competitors. The 
downstream wholesale electricity market, however, is more complex and 
competitive. As OWF is the focus of this study, it is considered that the 
competition force is neutral for developers. The strong power of suppliers is one 
of the main constraints in the eyes of OWF developers. This is mainly due to the 
insufficient competition in suppler markets, including the shortage of turbine 
supply, installation vessels supply, HV subsea cable supply and uneconomic 
foundation supply. There are few active major manufacturers in each market 
and even fewer suppliers dedicated to offshore wind supply. Although the 
prospect of offshore wind sector is good and economic and potential new 
entrants are emerging, barriers to entry is still high in some supply markets 
which require new entrants to have strong financial and technical capabilities. 
For instance, turbine supply market is currently dominated by two major players, 
Vestas and Siemens and the oligopoly market structure to some extent 
precludes the development of offshore turbine technology. 
 
In addition to the 5 forces from the traditional strategic perspective, the 
Government plays an important role in OWF development. The planning system, 
in specific the effectiveness of IPC may have an impact on future round OWF 
development. Projects delay in planning and consenting is considered as one of 
the main concerns for OWF developers. As the main challenge remains in the 
limited resourcing capability within current planning scheme, further investments 
in resourcing such as intellectual infrastructure or committee empowerment 
need to be considered in order to meet the large scale of delivery capacity ahead. 
 
In origination stage, OWF developers identify a specific offshore wind site 
through initial feasibility study. Grid connection between offshore sub 
transmission and onshore connection point is one of the major concerns of 
location. On one hand, as current national grid network is not capable of 33GW 
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delivery, the Government is undertaking a reform assessment of upgrading grid 
connection. The study however, will not be issued until March 2010 and the final 
results are still unknown. On the other hand, in order to bring new competition 
to the market, transmission license is open for bidding. The process however, 
may be time consuming and impose additional delay to OWF projects. 
 
The unique conditions of offshore wind sites require substantially different 
technologies and supply chains to support compared to onshore wind energy, 
and current onshore technology and process pose various constraints on the 
adaption to offshore wind. Compared to onshore, offshore wind energy has 
larger potentials in terms of resources but marine conditions pose great 
challenges to project delivery. Offshore site are largely available and full load 
hours in offshore are twice as much as onshore availability. At full load, one 
RIIVKRUHZLQGWXUELQHSURGXFHVDKRXVHKROG¶VDQQXDOFRQVXPSWLRQLQPLQXWHV
compared with 200 minutes from onshore production. Offshore turbines size 
scales up to 5MW compared to 3MW, or even 1MW in onshore. OWF capacity is 
up to 1,000MW while onshore sites are limited to 50MW. Consequently, 
investment in OWF is between 1 to 2 billion Euros per site, where 30 to 70 
million Euros required in onshore site investment (Company internal source). 
Nevertheless, dimensions and environment constraints require new approach to 
offshore wind power. Rough marine conditions and long distance to shore (up to 
70km) with impact on access of high waves raise challenges in development and 
installation in terms of wind turbine technology and scale, foundation types, 
logistics for installation and maintenance, as well as port infrastructure. Access 
to offshore sites is strongly restricted or even impossible in times of bad weather, 
strong winds and high waves. The technical requirements for offshore wind 
projects follow a simple logic: the better the wind resources the higher the 
electricity generation, the further offshore and the greater the water depth ± the 
bigger and more expensive the foundations that have to be used ± the large the 
wind turbines that are necessary to make the project economic. Every offshore 
site has its own specifications and requirements, especially when moving from 
near-shore to far-shore. These conditions are impacted by factors such as wind 
resources, distance to shore and water depth.  
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Figure 6.2 presents the typical cost structure of OWF site development. Turbine 
supply and plant manufacture, including foundations and cables remain as major 
cost elements due to the power of oligopoly and global competition. The UK is 
competing in global market from where over 80% of UK offshore wind project 
capital value is imported (BWEA 2009). It is therefore expected to see enormous 
inward investment in the UK wind industry, with the expansion of the offshore 
wind sector in the next decade. However, there is a real danger that much of the 
new investment including their turbines and components will not come to the UK 
based market but instead, to new developing markets such as China (Rickman 
2009). The Government is expected to set a positive policy environment for OWF 
development which provides favourable home market for investment. The UK 
missed out on building manufacturing capability for the onshore wind sector in 
the 1990s because the Government failed to provide a stable home market. 
Therefore, a UK based supply chain for OWF should be positively encouraged, 
particularly for ensuring the infrastructure is in place, including key components 
supply. For instance, as every activity carried out onshore saves time and money 
in the offshore installation process, building near-shore port infrastructure for 
vessel and foundation manufacturing is considered as a cost-efficient approach 
to facilitate OWF installation (BVG Associates 2009). 
 
 
Figure 6.2 
Contribution to total cost of energy (adapted from BVG Associates 2009) 
Contribution to total cost of energy
Development and 
Consenting
Turbine manufacture
Plant manufacture
Installation
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maintenance
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6.2 Risk Map overview 
 
 
Figure 6.3 
 
The key outputs and findings from the analysis and followed discussions and 
workshops in the Company are summarised in the Risk Map Overview as shown 
in Figure 6.3. The dot-circled gray bubbles represent the risks and challenges 
IURP W\SLFDO PDUNHW¶V SHUFHSWLRQ 7KHVH DUH LGHQWLILHG E\ WKH VWUDWHJ\ WHDP
based on reviews of industry paper and reports from various organisations and 
institutions, including BWEA, The Crown Estate, EWEA, DTI, BVG Associates and 
VR RQ 7KH EOXH EXEEOHV LQGLFDWH WKH ULVNV IURP WKH &RPSDQ\¶V SHUVSHFWLYH
These are identified through internal discussions and workshops with employees 
and managers from relevant wind departments in the Company. All the 
challenges are identified based two measurements: Probability on the horizontal 
axis and the Magnitude on the vertical axis. Probability refers to the likelihood of 
a particular risk will arise in the future. Magnitude refers to the extent of the 
impact on developers of one specific challenge identified. Both measurements 
scale from the lowest extent to highest extent, marked as level 1 to level 5. To 
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illustrate, turbine supply is considered as a challenge with very high probability 
DQG VLJQLILFDQW LPSDFW RQ GHYHORSHUV IURP ERWK PDUNHW DQG WKH &RPSDQ\¶V
perspectives. Oppositely, the issue of cables and other electrical components is 
considered as a very low risk for the Company but a more significant risk for the 
OWF market. 
 
In addition to turbine supply, issues of people skills, IPC effectiveness and grid 
connections and OFTO generally have the same perceptions from market and the 
Company in terms of risk level and probability. Cables and electrical components, 
vessel supply and foundations are issues of remaining discrepancy. Such 
QRWLFHDEOHGLIIHUHQFHLVPDLQO\GXHWRWKH&RPSDQ\¶VRZQFRPSHWLWLYHDGYDQWDJH
in the market regarding these issues. For instance, the Company maintains a 
good relationship with key cable suppliers and has already put vessel design for 
offshore usage on schedule. Such advantage enables the Company to make pre-
commitment of vessel supply for future round and reduces the risk of shortage 
of supply. Additionally, the Company has engaged in technical development for 
innovative foundation solutions and encouraged several foundation 
manufacturers to develop such kind of technologies. Risk level concerning 
IRXQGDWLRQFRQVWUDLQWLVWKHUHIRUHUHODWLYHO\ORZIURPWKH&RPSDQ\¶V perspective. 
Financial challenges such as capital investment mode and currency risk arise 
IURP WKH &RPSDQ\¶V FRQFHUQ 'XH WR WKH FRQILGHQWLDO DJUHHPHQW LQWHUQDO
financial relevant issues will be not explored here. 
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Chapter 7 
Implications 
 
The implications of the findings are multi-dimensional. As set in The Crown 
(VWDWH¶VVFKHGXOHIXWXUHURXQGRIRIIVKRUHZLQGIDUPLVDSSURDFKLQJ7KHUHIRUH
to understand the market performance and underlying constrains is increasingly 
important. Potential actions proposed in various studies and from the discussions 
with the Company provide alternatives to address the obstacles perceived. 
$V D SDUW RI WKH SURMHFW¶V DLP WKH ULVN PDS RYHUYLHZ Figure 6.3) clearly 
summarises the current challenges in the OWF development that both the 
market and the developers, such as the Company, are facing in the context of 
Round 3 projects ahead. It pictures out the relative positions of challenges in 
terms of magnitude and probability that enable attentions to be drew to 
prioritised ones which are in the upper right quarter of the map. It also provides 
concise reference points for developers and further study to address on. For 
instance, wind turbine supply market will be worth of studying and analysing in 
depth in the future in order to increase the economics of future projects by 
addressing the constraint of supply shortage. Major risks with high magnitude 
and high probability are originated from the upstream markets in OWF supply 
chain due to the insufficient competition and reveal that the strong power of 
suppliers reduces competition and adds to the upward pressure on prices. 
)XUWKHUPRUH WKHGLVFUHSDQF\EHWZHHQPDUNHW¶VSHUFHSWLRQDQG WKH&RPSDQ\¶V
indicates the competitive advantage the Company gained over typical developers 
in OWF market. Noticeably, in terms of cables and electrical components, 
foundations and vessels supply, the Company has drawn substantial attentions 
to address these issues appropriately. However, the significant gaps in the 
results reflect the increasing difficulties for the whole OWF market to address 
these challenges from industrial level. Further actions and investments may 
need to be made on a much larger scale with the consideration of overall market 
rather than for one single developer to succeed. Actions reviewed below are 
discussed in a more general perspective than the Company-specific activities. 
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Turbines  
New entrants are suggested to be introduced into turbine supply market in order 
to reduce the bargaining power of suppliers. Dedicated offshore wind turbines 
suppliers are especially the focus. Development in technology employed and 
turbine size is additionally suggested to satisfy the step-change requirement for 
future projects beyond the frontier of distance and water depth. It is important 
to realise that traditional turbine suppliers are increasingly developing their 
power by cross-substituting in a transnational approach. For instance, the 
&KLQHVH*RYHUQPHQWKDVFRQILUPHGWKH&KLQD¶VHQHUJ\WDUJHWZKLFK LVWR
generate 132GW electricity from wind power. Three contracted turbine suppliers, 
Sinovel Wind, GE and Vestas, are considered to be benefited most (Rickman 
2009). The power of suppliers will be even stronger from the perspective of 
world wind market. Developers are therefore, suggested to pay particular 
attentions in increasing their global purchasing power by creating alliances or 
groups with other players in the market. Placing large purchase order is typically 
considered as a cost-effective approach for developers and is achievable through 
economies of scales from alliance group (Nalebuff & Brandenburger 1996). 
Vessel 
As discussed in Chapter 5WKHUHLVDKLJKSUREDELOLW\RIµYHVVHOFUXQFK¶HPHUJHV
IURP2:)PDUNHW LQ D IHZ \HDUV¶ WLPH VLQFHQHZ URXQGFRQVWUXFWLRQ LQLWLDWHV
This will not only influence the timeliness in delivery, but also reduces the 
economics of projects. Therefore, it is suggested for developers to engage in 
early pre-commitment of vessels for future round in order to avoid crunch then. 
The Company for instance, develops close relationships with several existing 
vessel suppliers to secure supply, and try to influence supply market by 
introducing new manufacturers. To influence design for dedicated installation 
YHVVHOV LV DOVR RQ WKH &RPSDQ\¶V DJHQGD 0RUHRYHU LQVWHDG RI LQfluencing 
manufacturers, strategic actions such as acquisition and joint venture are 
considered by many existing developers. For example, as one of the leading 
energy groups in North Europe and important player in wind market, DONG 
Energy has purchased A2SEA ± one installation vessel supplier for OWF ± in June 
2009. The purchase of A2SEA enables DONG Energy to make the installation of 
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RIIVKRUH ZLQG WXUELQHV HYHQ PRUH HIILFLHQW´ VD\V '21* (QHUJ\
V &(2 $QGHUV
Eldrup on official website (DONG Energy 2009). 
Cables 
The Company provides good practises in addressing the issue of shortage of 
cables and electrical components supply. Developers are expected to facilitate 
ongoing dialogue with the key suppliers in order to maximize investment and 
more importantly, to encourage convergence on standards around cable design 
and supply. As the Company maintains competitive advantage to certain degree, 
standardisation is considered to be achievable and is a cost efficient approach 
since this allows more suppliers to be involved in manufacturing which will 
further drive the price down and increase the design capacity to the market. 
Additionally, extra orders of standardised cables and electrical components can 
be made much easier and more efficient. 
Foundations  
Foundations remain as an area that is facing significant technical challenges. 
Typical onshore adaption approach is inappropriate for future OWF projects with 
much longer distance to shore and deeper in depth. Innovative solutions are 
suggested as priority to focus on. As such development requires substantial 
facilitation to support, including extensive designing and testing, investment in 
relevant infrastructure, such as test sites, is favourable for future development. 
The Company has encouraged market involvement and established several test 
sites in Europe. It is generally agreed that offshore success comes from doing as 
much as possible onshore. Turbines, foundations and other complements are too 
large to be transported onshore, by developing ports infrastructure will save the 
logistic costs and time in the offshore installation process. 
People skills 
In terms of the shortage of people skills, investment is expected to be made on 
intellectual infrastructure through establishing programmes and initiative at 
universities and other institutions. The Company has initialised engineering 
scheme with several education institutions to train experts, consulters and 
professionals for OWF development. Same attention should also be drawn by the 
  
61 
 
Government in order to address the resourcing constraint on further round 
consenting. 
Grid connection 
The Government initialised a grid assessment of upgrading its capacity for Round 
3 and is due to release by March 2010. Considering the potential leading time in 
bidding stage for grid connHFWLRQDOVRNQRZQDV2)72LQWKH&RPSDQ\¶VWHUP
the process should be transparent with efficient planning and implementation 
support. As it is illegal for developers to assist bidders in this competitive stage, 
responsibility of ensuring the grid capability and the smooth flow of the bidding 
process should be taken by the Government. 
Currency 
In respect of currency risk in developing OWF development, it is suggested to 
develop a UK inward supply chain which enables to eliminate the currency risk. 
Furthermore, hedging strategy is typically employed by developers to address 
this issue. 
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Chapter 8 
Conclusion 
 
There are many different sources of renewable energy, wind, biomass, hydro 
and solar power. The exploitation of renewable energy sources is considered as 
an alternative to tackle environmental problems, such as greenhouse effect, 
FDUERQ HPLVVLRQV DQG JOREDO ZDUPLQJ DQG DOVR WR LQFUHDVH FRXQWU\¶V HQHUJ\
security by reducing the reliance on import energy. 
 
³The future is definitely offshore. The capacity is infinite, from the Northern 
&RDVWRI6SDLQWRWKH1RUWK6HD´ (2¶&RQQRU:62). As a major contributor to 
WKHIXOILOPHQWRIWKH8.¶VWDUJHWRIIVKRUHZLQGHQHUJ\ LVDFULWLFDOVRXUFH
for exploitation. The UK Government are giving strong policy backing to the 
expansion of the offshore wind sector. OWF is a rising market and is highly 
competitive. With its long coastline and strong wind resource across surrounding 
seas, the UK has a great potential for the exploitation of offshore wind resource. 
This study therefore, presented developers an overall risk map that helped them 
understand the young market through the collaboration with one present energy 
company. Derived from The strong power of suppliers, developers were facing 
significant shortage of supply for various inputs. It further decreased the 
profitability of the OWF industry. Pressures on price were added to the 
downstream of OWF chain. Risks were categorised on the overall risk map that 
FRPSDUHGFRPSDQ\¶VSHUVSHFWLYHZLWKPDUNHW¶VSHUFHSWLRQChallenges for OWF 
development are derived from the unique characteristics of offshore wind site, 
facing both technical and practical constraints. Through a gap analysis, the study 
discussed practical implications for developers in the industry to concern. The 
evidence of the Company presented in Chapter 6 and 7 indicated potential 
GHYHORSHUV¶FDSDELOLW\RIDGGUHVVLQJWKHVHFKDOOHQJHV 
 
It is worth to draw attentions to the argument of establishing a UK-based 
offshore wind supply chain. As discussed in Chapter 6, the Government is 
expected to set a positive policy environment for building a UK based supply 
chain for OWF through multidimensional approaches. Infrastructure development 
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of facilities such as ports, electrical components manufacture plants and R&D 
centre should be substantially addressed on. Moreover, outreach and suitable 
incentives should be provided by the UK Government to encourage key 
components suppliers into the OWF sector. Since Renewables Obligation system 
is considered as an effective market mechanism contributing to the development 
of renewable energy in the UK, the Government should extend the RO system 
beyond its current end in 2027 in order to secure financing and economics of 
future projects. Future UK projects delivery of wind power is not a huge 
proportion of global wind power delivery by 2020. It is arguable, therefore, that 
a UK based supply chain which will ensure a UK manufacturing capability over 
WKHQH[WGHFDGHLVFUXFLDOIRUERWKWDUJHWDQG8.¶VHQHUJ\GHYHORSPHQWLQ
the long term. 
 
However, the alternatives presented in this paper were not limited means 
available to developers. The study was constrained by various limitations and 
framework employed was simplified to a large extent. Giving greater attention to 
strengthen GHYHORSHUV¶ QHJRWLDWLRQSRZHU DQG WREUHDN WKH ROLJRSRO\ LQ VXSSO\
markets, the future expansion of offshore wind farms and other marine activities 
near the coast may be better served. 
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Appendix 
 
Appendix 5.1 ± Round 1 Offshore wind farms in the UK 
Location Status Capacity Developer/Turbines 
North Hoyle Operating (Dec 2003) 60 MW npower renewables (Vestas 2 MW) 
Scroby Sands Operating (Dec 2004) 60 MW E.ON UK Renewables (Vestas 2 MW) 
Kentish Flats Operating (Sep 2005) 90 MW Vattenfall 
Barrow Operating (Sept 2006) 90 MW Centrica/DONG Energy(Vestas 3 MW) 
Gunfleet 
Sands 
Under Construction 30 turbines DONG Energy 
Lynn/Inner 
Dowsing 
Installed (July 2008)  54 turbines Centrica 
Cromer Withdrawn after approval 30 turbines EDF 
Scarweather 
Sands 
Approved 30 turbines E.ON UK Renewables/DONG Energy 
Rhyl Flats Under Construction 25 turbines npower renewables 
Burbo Bank Operational (Oct 2007) 25 turbines DONG Energy (Siemens) 
Robin Rigg Under Construction 60 turbines E.ON UK Renewables 
Shell Flat Application withdrawn 90 turbines 
ScottishPower/Eurus/ Shell/DONG 
Energy 
Teesside Approved 30 turbines EDF 
Tunes Plateau 
* 
Submitted 30 turbines RES/B9 Energy 
Ormonde * Submitted 30 turbines Eclipse Energy 
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Appendix 5.2 ± Round 2 Offshore Wind Farms in the UK 
Location 
Capacity 
(MW) 
Developer 
Docking Shoal 500 Centrica 
Race Bank 500 Centrica 
Sheringham 315 StatoilHydro/Statkraft 
Humber 300 E.on 
Triton Knoll 1,200 npower renewables 
Lincs 250 Centrica 
Westermost 
Rough 
240 DONG 
Dudgeon East 300 Warwick Energy 
Greater 
Gabbard 
500 Airtricity/Fluor 
Gunfleet 
Sands II 
64 DONG Energy 
London Array 1,000 
DONG Energy-Farm Energy/Shell/ 
E.ON UK Renewables 
Thanet 300 Warwick Energy 
Walney 450 DONG Energy 
Gwynt y Mor 750 npower renewables 
West Duddon 500 ScottishPower / Eurus / DONG Energy 
TOTAL 7,169 
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Appendix 5.3 ± 3RUWHU¶V)RUFHVDQDO\VLVOLVWV 
Factors affecting RIVALRY AMONG EXISTING COMPETITORS 
To what extent does pricing rivalry or nonprice competition (e.g., advertising) erode the profitability of a typical firm in this industry? 
  Characterisation (current) Future Trend Notes 
1 Degree of seller concentration? High, but limited High, but limited   
2 Rate of industry growth? High High   
3 Significant cost differences among firms? Developer: no (as overall available 
tech/cost options are limited) 
Cost elements: potentially high 
(tech costs, vessels, installation) * 
Market structure differs 
4 Excess capacity? No no   
5 Cost structure of firms: sensitivity of costs to capacity 
utilisation? 
high (GBP 1.2m/MW to GBP 
3.7m/MW in 5 years) 
higher   
6 Degree of product differentiation among sellers? 
Brand loyalty to existing sellers? 
Cross-price elasticity of demand among competitors in 
industry? 
 very low, most contracted   very low, most contracted  Market structure differs 
7 Buyers' costs of switching from one competitor to 
another? 
very low, most contracted (ROC 
market) 
very low, most contracted (ROC 
market) 
Market structure differs 
8 Are prices and terms of sales transactions observable? forecast in ROC market forecast in ROC market   
9 Can firms adjust prices quickly? no, contracted no, contracted   
10 Large and/or infrequent sales orders? depends, ROC market Unknown   
11 Use of 'facilitating practices' (price leadership, 
advance announcement of price changes)? 
No no Market structure differs 
12 Strength of exit barriers? high, contracted and responsibility 
assigned 
high, contracted and responsibility 
assigned 
  
13 High industry price elasticity of demand? No no   
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Factors affecting the THREAT OF ENTRY 
To what extent does the threat or incidence of entry work to erode the profitability of a typical firm in this industry? 
  Characterisation (current) Future Trend Notes 
1 Significant economies of scale? Neutral neutral   
2 
Importance of reputation or established 
brand loyalties in purchase decision? 
no, contracted no, contracted 
Market structure 
differs 
3 Entrants' access to distribution channels? N/A N/A   
4 
Entrants' access to raw materials? 
(consents, contracts) 
Yes yes   
5 Entrants' access to technology/know-how? 
limited, superior knowledge 
gained in overall process 
involvement 
limited, superior knowledge 
gained in overall process 
involvement 
Learning effects 
6 Entrants' access to favourable locations? No no 
Market structure 
differs 
7 Experience-based advantages of incumbents? Yes yes see 5 
8 
Network externalities: demand-side 
advantages to incumbents from large 
installed base? 
yes, but limited to capacity 
and contract 
yes, but limited to capacity 
and contract 
regulated by gov. 
9 Government protection of incumbents? 
yes, exclusive rights in 
development and operation 
yes, exclusive rights in 
development and operation 
lease property 
10 
Perceptions of entrants about expected 
retaliation of incumbents/reputations of 
incumbents for "toughness"? 
few, limited to exclusive rights 
by gov. 
few, limited to exclusive rights 
by gov. 
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Factors affecting or reflecting PRESSURE FROM SUBSTITUTE 
To what extent does competition from substitute products outside the industry erode the profitability of a typical firm 
in the industry? 
  
Characterisation 
(current) 
Future Trend Notes 
1 Availability of close substitutes? 
yes, other energy 
options: gas, etc 
yes, but limited 
most are 
regulated, the 
demand side of 
market is less 
mature 
2 
Price-value characteristics of 
substitutes? 
high price/cost of energy 
subs 
unknown 
3 Price elasticity of industry demand? low low 
4 Availability of close complements? no no 
5 
Price-value characteristics of 
complements? 
no no 
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Factors affecting or reflecting POWER OF BUYERS 
To what extent do individual buyers have the ability to negotiate low purchase prices with typical firms in this industry? To what extent do 
purchase prices differ from those that would prevail in a market with a large number of fragmented buyers in which buyers act as price takers? 
  Characterisation (current) Future Trend Notes 
1 
Is buyers' industry more concentrated than the 
industry it purchases from? 
regulated by gov. + ROC 
market 
regulated by gov. + ROC 
market 
mainly regulated 
market in demand side 
by gov. 
issues may lay in ROC 
mkt. 
2 
Do buyers purchase in large volumes? Does a 
buyer's purchase volume represent a large 
fraction of the typical seller's sales revenues? 
no no 
3 
Can buyers find substitutes from industry's 
product? 
regulated by gov. + ROC 
market 
regulated by gov. + ROC 
market 
4 
Do firms in industry make relationship-specific 
investments to support transactions with 
specific buyers? 
yes, but less regulated rather 
than supportive 
yes, but less regulated rather 
than supportive 
5 
Is price elasticity of demand of buyer's product 
high or low? 
low, regulated low, regulated 
6 
Do buyers pose credible threat of backward 
integration? 
no no 
7 
Does product represent significant fraction of 
cost in buyer's business? 
no no 
8 
Are prices in the market negotiated between 
buyers and sellers on each individual 
transaction, or do sellers post a "take-it-or-
leave-it" price that applies to all transactions? 
no, but differs in ROC mkt? no, but differs in ROC mkt? 
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Factors affecting or reflecting POWER OF INPUT SUPPLIERS 
To what extent do individual suppliers have the ability to negotiate high input prices with typical firms in this industry? 
To what extent do input prices deviate from those that would prevail in a perfectly competitive input market in which input suppliers act as price takers? 
  
 
Characterisation (current) Future Trend Notes 
1 
Is supplier industry more concentrated than 
industry it sells to? 
Yes, but differs btw diff. supplier 
types 
depends on future actions 
types of suppliers: 
turbines (tech issues), 
logistic (vessels, ports), 
installation related 
(cables, transmission) 
2 
Do firms in industry purchase relatively small 
volumes relative to other customers of supplier? 
Is typical firms purchase volume small relative to 
sales of typical supplier? 
amount of volumes ranges from 
tens to hundreds. 
No, high cost of most of the 
activities/purchases. 
may approach to large volume to 
gain negotiation power. 
potential bottleneck and 
diff to enhance 
developers' situation 
unless significant tech 
improvement 
3 Few substitutes for suppliers' input? yes, almost none 
depends, new tech imp may 
available 
  
4 
Do firms in industry make relationship-specific 
investments to support transactions with specific 
suppliers? 
no. unknown possible alternative? 
5 
Do suppliers pose credible threat of forward 
integration into the product market? 
no unknown   
6 
Are suppliers able to price-discriminate among 
prospective customers according to 
ability/willingness to pay for input? 
yes 
depends on future 
suppliers/market 
oligoply in suppliers 
market (investigation) 
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Appendix 5.4 
 
The projects are:  
 
-Barrow, East Cumbria (DONG Energy/Centrica, 90 MW);  
-Robin Rigg, Dumfries and Galloway (E.ON, 173 MW);  
-Gunfleet Sands 1 and 2, Essex (DONG Energy, 165 MW); -Sheringham Shoal, Norfolk (SCIRA, 317 MW);  
-Ormonde, East Cumbria (Eclipse Energy Ltd, owned by Vattenfall, 150 MW);  
-Greater Gabbard, Suffolk (Airtricity (SSE)/RWE, 504 MW);  
-Walney 1, East Cumbria (DONG Energy, 183 MW);  
-Walney 2, East Cumbria (DONG Energy, 183 MW); 
-Thanet, Kent (Vattenfall, 300 MW).  
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